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(54) METHOD FOR PREPARING POROUS COMPOSITE MATERIAL 



(57) This invention relates to a process for produc- 
ing porous and composite materials comprising steps 
of: freezing a complex containing at least one calcium 
salt selected from calcium carbonate, calcium phos- 
phate, and hydroxyapatite and collagen, at least a part 
of which is gelatinized; and then lyophilizing the result- 



ant. The porous and composite materials obtained by 
the method of the present invention have large pore di- 
ameters, high porosities, and adequate mechanical 
strengths and biodegradability. Thus, they are suitable 
for implants such as bone fillers, drug carriers for sus- 
tained-release, and the like. 
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Description 

Technical Field 

[0001] The present invention relates to a process for 5 
producing porous and composite materials. More par- 
ticularly, the present invention relates to a process for 
producing porous and composite materials having large 
pore diameters, high porosities, and mechanical 
strengths that are suitable for implants such as bone fill- 10 
ers. 

Background Art 

[0002] In the past, bone defects used to be restored *5 
by a technique of transplanting a part of a subject's own 
bones or a technique of complementing or replacing 
bones with artificial implants. Such alternative bone im- 
plants were required to have properties such as bioad- 
aptabiiity or bone conductivity and bone inductivity (a 20 
property of incorporating bone tissue and accelerating 
bone formation) in addition to mechanical properties 
similar to those of biological bones. Accordingly, porous 
materials such as porous ceramics used to be prefera- 
bly employed as alternative bone implants because they 25 
were easily penetrated by bone tissues and they had 
good bone conductivity and bone inductivity. 
[0003] Currently commercialized porous hydroxyapa- 
tite, however, is nonabsorbable. Even though this hy- 
droxyapatite was porous, cells could not penetrate 30 
pores that did not communicate with the exterior be- 
cause of this nonabsorbability. Accordingly, the final 
strength was not very high. Also, it was likely to collapse 
upon moisture absorption during surgical operations. 
Thus, the use thereof in surgical operation, which re- 35 
quired strength, was difficult. 
[0004] Bone fillers of porous p-TCP, which is bioab- 
sorbable and has porosity of 75%, are commercialized 
(Osferion®, Olympus Optical Co., Ltd.; average pore di- 
ameters: 1 00 nm to 400 urn). This P-TCP is highly likely 40 
to collapse when it is handled. Thus, it was difficult to 
prepare this material in a form that is adequate for the 
transplant site, and was difficult to handle since implants 
easily become detached from the transplant site. 
[0005] Under the above circumstances, the present 45 
inventors have conducted various studies to develop a 
composite material of hydroxyapatite and collagen that 
has a structure similar to that of biological bones and to 
improve its properties. For example, JP Patent Publica- 
tion (Kokai) No. 7-101708 A (1995) discloses a process so 
for producing a complex of apatite and an organic sub- 
stance having the Young's modulus similar to that of bi- 
ological bones with the gradual addition of a mixed so- 
lution of collagen and phosphoric acid in a suspension 
of calcium hydroxide. JP Patent Publication (Kokai) No. 55 
11-199209 A (1999) discloses a complex that has a 
structure similar to that of biological bones can be real- 
ized by regulating pH and temperature at the time of re- 



action. Further, JP Patent Publication (Kokai) No. 
2000-5298 A discloses a technique for enhancing the 
formation of apatite on a collagen surface with the use 
of organic acid. 

[0006] In spite of these efforts, however, many com- 
plexes of hydroxyapatite and collagen that were ob- 
tained by the conventional technique had small pore di- 
ameters (approximately 0 u,m to 100 u.m) and had low 
porosities (50% or lower). 

[0007] An object of the present invention is to provide 
novel porous and composite materials having large pore 
diameters, high porosities, and mechanical strengths 
that are suitable for implants such as bone fillers. 
[0008] The present inventors have conducted con- 
centrated studies in order to attain the above object. As 
a result, they have found that composite materials hav- 
ing large pore diameters and high porosities could be 
obtained by gelatinizing a part of the collagen constitut- 
ing a complex of hydroxyapatite and collagen, followed 
by freezing and lyophilization thereof. They have also 
found that application of surface crosslinking to the com- 
posite material realized mechanical strengths that were 
suitable for implants such as bone fillers. This has led 
to the completion of the present invention. 
[0009] More specifically, the present invention pro- 
vides the following (1) to (10). 

(1) A process for producing porous and composite 
materials comprising steps of: freezing a complex 
containing at least one calcium salt selected from 
calcium carbonate, calcium phosphate, and hy- 
droxyapatite and collagen, at least a part of which 
is gelatinized; and then lyophilizing the resultant. 

(2) A process for producing porous and composite 
materials comprising a step of introducing surface 
crosslinking between collagens to the porous and 
composite materials obtained by the process ac- 
cording to (1) above. 

(3) The process according to (2) above, wherein the 
step of introducing surface crosslinking is carried 
out by immersing the porous and composite mate- 
rials in a solution containing a crosslinking agent. 

(4) The process according to any one of (1) to (3) 
above comprising a step of adding a crosslinking 
agent to gelatinized collagen to introduce internal 
crosslinking between collagens. 

(5) The process according to any one of (1) to (4) 
above, wherein the calcium salt is hydroxyapatite. 

(6) A process for producing porous and composite 
materials comprising the following steps of: 

1) gelatinizing at least a part of the collagen 
constituting a complex containing hydroxyapa- 
tite and collagen; 

2) introducing internal crosslinking between 
collagens with the addition of a crosslinking 
agent to the complex; 

3) obtaining porous and composite materials by 
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freezing the complex and then lyophilizing the 
resultant; and 

4) introducing surface crosslinking between 
collagens by immersing the porous and com- 
posite materials in a solution containing a 
crosslinking agent. 

(7) The process according to any one of (2) to (6) 
above; wherein internal and/or surface crosslinking 
between collagens is introduced using glutaralde- 
hyde as a crosslinking agent. 

(8) The process according to any one of (1) to (7) 
above, wherein the resulting porous and composite 
materials have porosities of 80% or higher. 

(9) Porous and composite materials having porosi- 
ties of 80% or higher, which are produced by the 
method according to any one of (1) to (8) above. 

(10) Implants of the porous and composite materi- 
als according to (9) above. 

Disclosure of the Invention 

1 . A process for producing porous and composite 
materials 

[0010] The present invention relates to a process for 
producing porous and composite materials of at least 
one calcium salt selected from calcium phosphate, cal- 
cium carbonate, and hydroxyapatite and collagen. 
[0011] In the production process according to the 
present invention, composite materials having a large 
number of pores (porous and composite materials) are 
produced by freezing a complex containing at least one 
calcium salt selected from calcium carbonate, calcium 
phosphate, and hydroxyapatite and collagen, at least a 
part of which is gelatinized; and then lyophilizing the re- 
sultant. Surface crosslinking between collagens is intro- 
duced to the resulting porous and composite materials. 
This allows the porous and composite materials to have 
mechanical strengths that are suitable for implants. 
[0012] The production process according to the 
present invention is hereafter described in detail. 

1 .1 A complex containing calcium salt and collagen, at 
least a part of which is gelatinized 

[0013] The porous and composite materials accord- 
ing to the present invention are produced from a com- 
plex of at least one calcium salt selected from calcium 
phosphate, calcium carbonate, and hydroxyapatite and 
collagen, at least a part of which is gelatinized. 

1) Calcium salt (hydroxyapatite) 

[001 4] The "calcium salt" that constitutes the complex 
of the present invention is at least one selected from 
calcium phosphate, calcium carbonate, and hydroxya- 
patite. In particular, hydroxyapatite is the most prefera- 



ble. 

[0015] Hydroxyapatite is generally denoted by a 
chemical formula of Ca 5 (P0 4 ) 3 OH, and it includes a 
group of compounds referred to as calcium phosphate 

5 such as CaHP0 4 , Ca 3 (P0 4 ) 2 , Ca 4 0(P0 4 ) 2 , Ca 10 (PO 4 ) 6 
(OH) 2 , CaP 4 0 11 , Ca(P0 3 ) 2 , Ca 2 P 2 0 7 , and Ca 
(H 2 P0 4 ) 2 »H 2 0. Also, hydroxyapatite is basically com- 
posed of a compound represented by formula Ca 5 
(P0 4 ) 3 OH or Ca 10 (PO 4 ) 6 (OH) 2 , and a part of the Ca 

10 component may be substituted with at least one mem- 
ber selected from Sr, Ba, MG, Fe, Al, Y, La, Na, K, H, 
and the like. A part of the (P0 4 ) component may be sub- 
stituted with at least one member selected from V0 4 , 
B0 3 , S0 4 , C0 3 , Si0 4 , and the like. A part of the (OH) 

*5 component may be substituted with at least one mem- 
ber selected from F, CI, O, C0 3 , and the like. Some of 
these components may be deficient. In general, a part 
of apatite P0 4 and OH components in biological bones 
are substituted with C0 3 . Accordingly, the aforemen- 

20 tioned components may be partially substituted by in- 
clusion of C0 3 in the air (about 0% to 10% by mass) 
during the production of the porous and composite ma- 
terials of the present invention. 
[0016] Hydroxyapatite is generally microcrystalline, 

25 noncrystalline, or crystalline. Alternatively, it may exist 
in the form of an isomorphic solid solution, substitutional 
solid solution, or interstitial solid solution. The atomic ra- 
tio of calcium/phosphorus (Ca/P) in this "hydroxyapa- 
tite" is preferably in the range between 1.3 and 1.8. In 

30 particular, the range between 1 .5 and 1 .7 is more pref- 
erable. When the atomic ratio is in the range between 
1 .3 and 1 .8, the composition and the crystal structure of 
apatite in the product (a calcium phosphate compound) 
can be similar to those in bones of vertebrates. This im- 

35 proves biocompatibility and bioabsorbability. 

2) Collagen 

[0017] The "collagen" that constitutes the complex of 

40 the present invention includes a general collagen mol- 
ecule that has the triple helix structure and gelatinized 
"denatured collagen," the triple helix structure of which 
is destroyed by thermal or other treatment. 
[0018] At present, about 20 different molecular spe- 

45 cies of collagens are known to be present in a wide va- 
riety of animal tissues ranging from mammalians to fish. 
These are generically denoted as "collagens." The spe- 
cies, the location of tissue, the age, and other factors 
regarding the animal that is a starting material for the 

50 collagen used in the present invention are not particu- 
larly limited, and any type of collagen can be used. In 
general, collagens obtained from skin, bones, cartilage, 
tendons, organs, or the like of mammalians (such as 
cow, pig, horse, rabbit, or mouse) and birds (such as 

55 chicken) are used. Also, collagen-like proteins obtained 
from skin, bones, cartilage, fins, scales, organs, or the 
like of fish (such as cod, left-eyed flounder, right-eyed 
flounder, salmon, trout, tuna, mackerel, sea bream, sar- 
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dine, or shark) may be used as starting materials. Alter- 
natively, collagen may be obtained by gene recombina- 
tion techniques instead of by extraction from animal tis- 
sues. 

[001 9] Among the molecular species of coilagens, the 
quantity of type I coilagens is the largest, and they have 
been well studied. In general, when simple reference is 
made to a "collagen," it often indicates type I collagen. 
The molecular species of the collagen used in the 
present invention is not particularly limited, and type I 
collagen is preferably a main component. Further, col- 
lagen may be prepared by adequately subjecting an 
amino acid residue of the collagen protein to chemical 
modification such as acetylation, succination, maleyla- 
tion, phthalation, benzoylation, esterification, amida- 
tion, or guanidination. 

[0020] An example of a process for preparing colla- 
gen is extraction from the aforementioned starting ma- 
terial (excluding the gene recombination technique) with 
the aid of a neutral buffer or dilute acid such as hydro- 
chloric acid, acetic acid, or citric acid. Collagen obtained 
with the aid of the former is referred to as neutral salt- 
soluble collagen, and that obtained with the aid of the 
latter is referred to as acid-soluble collagen. However, 
the amount of collagen extracted is small in either case, 
and a majority thereof remains as insoluble collagen. 
Enzyme solubilization and alkali solubilization are 
known as methods for solubilizing this insoluble colla- 
gen. Collagen obtained by the former method is referred 
to as enzyme-solubilized collagen, and that obtained by 
the latter method is referred to as alkali-solubilized col- 
lagen. Both can be solubilized as molecular coilagens 
with yields of substantially 100%. 
[0021 ] The method for preparing collagen used in the 
present invention (extraction type) is not particularly lim- 
ited. If the molecular weight of solubilized collagen is 
large, however, the strength of a complex becomes in- 
sufficient because of steric hindrance. Accordingly, the 
use of monomeric (monomolecular) collagen is prefer- 
able. In enzyme-solubilized collagen and alkali-solubi- 
lized collagen, the monomeric collagen content is high, 
and non-helical regions (telopeptides) having a majority 
of collagen antigenicity are selectively degraded and re- 
moved during the step of production. Thus, they are par- 
ticularly adequate for the organic or inorganic porous 
and composite materials of the present invention. If 
these non-helical regions are degraded and removed 
from collagen, this collagen is referred to as "atelocol- 
lagen." 

[0022] The isoionic point of enzyme-solubilized colla- 
gen is different from that of alkali-solubilized collagen. 
The isoionic point is the pH level where both positive 
and negative charges, which are derived from a disso- 
ciable group inherent to a protein molecule, repel each 
other. In the case of collagen, when the pH level ap- 
proaches the region of the isoionic point, solubilized col- 
lagen is known to become fibrous. In general, the isoi- 
onic point of the enzyme-solubilized collagen is between 



pH 8 and 9, and that of the alkali-solubilized collagen is 
between pH 4 and 5. In the present invention, it is pref- 
erable to use the enzyme-solubilized collagen in a re- 
action vessel maintained between pH 7 and 11 wherein 
5 the fiberization and self-organization is likely to occur. 
Examples of enzymes for solubilization include pepsin, 
trypsin, chymotrypsin, papain, and pronase. Pepsin and 
pronase are preferably used from the viewpoint of easy 
handleability after the enzyme reaction. 

10 

3) A complex containing calcium salt and collagen 

[0023] At least a part of the collagen in the complex 
used in the present invention must be gelatinized. The 
'5 term "gelatin" refers to denatured collagen that is ob- 
tained by cleavage of salt bonds or hydrogen bonds be- 
tween peptide chains of collagen by treatment with boil- 
ing water or the like, followed by irreversible denatura- 
tion into a water-soluble protein. As mentioned above, 
20 the term "collagen" used herein include this gelatinized 
collagen. Gelatinization of collagen may be realized by 
gelatinizing a part of the collagen constituting a complex 
containing calcium salt and collagen. Alternatively, ge- 
• latinized collagen such as a commercialized solution of 
25 gelatin powders may be externally added to the com- 
plex. 

[0024] In the production process according to the 
present invention, a "complex containing calcium salt 
and collagen" is employed as a starting material for the 
30 reaction. Such a complex may be a commercialized one 
or may be prepared in accordance with a known tech- 
nique. A preferable example of the complex is a "com- 
plex of hydroxyapatite and collagen." In particular, a 
"self-organized complex containing hydroxyapatite and 
35 collagen" is the most preferable. These complexes are 
described in detail in 2.3 below. 

1.2 Gelatinization of collagen 

40 [0025] Examples of processes for gelatinizing a part 
of the collagen constituting the complex containing cal- 
cium salt and collagen include a method wherein a phys- 
iological buffer such as PBS or Tris or water is added to 
the complex, and the resultant is then heated, and a 

45 method wherein a physiological buffer containing a mi- 
nor amount of acid or water is added to the complex, 
and the resultant is then heated. 
[0026] The amount of a buffer or water to be added is 
preferably about 24 to 60 ml per g of collagen (in the 

50 case of a complex, 25% of which is constituted by col- 
lagen, about 6 to 15 ml of buffer or water per g of the 
complex). By changing the amount of the buffer added, 
porosities, pore diameters, or strengths of the resulting 
porous and composite materials can be adequately con- 

55 trolled. When acid is added, a weak acid such as glu- 
conic acid is preferably used together with a weak alkali 
such as calcium carbonate in order to control the pH lev- 
el. The amount of gluconic acid used is preferably about 
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0.8 g to 4 g per g of collagen (in the case of a complex, 
25% of which is constituted by collagen, about 200 mg 
to 1 ,000 mg of gluconic acid per g of the complex). The 
amount of alkali that is simultaneously added may be 
adequately determined in accordance with the amount 
of gluconic acid in order to bring the pH level to around 
5.0. 

[0027] When acid is not added, the reaction temper- 
ature is preferably between 40°C and 50°C, and partic- 
ularly preferably around 45°C. The reaction time is pref- 
erably about 60 to 120 minutes. When acid is added, 
the reaction temperature is preferably between 35°C 
and 45°C, and particularly preferably around 40°C. The 
reaction time is preferably about 60 to 120 minutes. That 
is, collagen can be gelatinized at relatively low temper- 
ature by the method, which is carried out with the addi- 
tion of acid. 

[0028] By changing the reaction temperature or reac- 
tion time, the level of gelatinization can be varied, and 
the pore diameters or mechanical strengths of the re- 
sulting porous and composite materials can be ade- 
quately controlled. More specifically, if the reaction tem- 
perature is too low or the reaction time is too short, ge- 
latinization is insufficient. This results in small pore di- 
ameters and lowered strengths of the porous and com- 
posite materials. In contrast, if the reaction temperature 
is too high or the reaction time is too long, excessive 
gelatinization occurs. This results in lowered strengths 
of the resulting porous and composite materials. 1.3 
Freezing of a complex 

[0029] Subsequently, a complex containing collagen, 
at least a part of which is gelatinized, is placed in an 
adequate mold and then allowed to freeze. 

1) Cooling 

[0030] The aforementioned complex after gelatiniza- 
tion has low viscosity in a heated state. If it is placed in 
a mold in that state, the complex is precipitated, and a 
porous complex having a homogenous structure cannot 
be obtained. Thus, the complex is preferably cooled for 
gelatinization and then placed in a mold. A method for 
cooling is not particularly limited. For example, the com- 
plex can be subjected to ice cooling, and cooling is con- 
tinued until it becomes a jell or mousse. 
[0031] During this step of cooling, gelatinized colla- 
gen is homogenously incorporated in a complex and so- 
lidified as a jell. Freezing thereof results in homogenous 
growth of ice crystals in the complex. These ice crystals 
become pores in the subsequent step of lyophilization. 
Thus, porous and composite materials having large 
pore diameters, high porosities, and specific mechani- 
cal strengths (elasticity) can be provided. 

2) Internal crosslinking 

[0032] Before the complex is placed in a mold, an ad- 
equate crosslinking agent is added to the complex in or- 



der to introduce internal crosslinking between collagens 
constituting the complex. This is preferable since the re- 
sulting porous body has larger pore diameters and a 
larger number of open pores. 

5 [0033] The term "internal crosslinking" used herein re- 
fers to crosslinking that is introduced between collagens 
that are present in the complex. Crosslinking occurs ei- 
ther between ungelatinized collagens, between gelati- 
nized collagens, or between ungelatinized collagen and 

10 gelatinized collagen. Crosslinking may occur at any por- 
tions of collagens. Particularly preferable crosslinking 
occurs between a carboxyl group and a hydroxyl group, 
between a carboxyl group and a e-amino group, or be- 
tween e-amino groups. 

15 [0034] Any method, such as chemical crosslinking us- 
ing a crosslinking agent or condensing agent or physical 
crosslinking using y rays, ultraviolet rays, thermal dehy- 
dration, an electron beam, or the like, may be employed. 
Chemical crosslinking using a crosslinking agent is pref- 

20 erable. 

[0035] Examples of crosslinking agents that can be 
used include: aldehyde crosslinking agents such as gl- 
utaraldehyde or formaldehyde; isocyanate crosslinking 
agents such as hexamethylene diisocyanate; carbodi- 

25 imide crosslinking agents such as 1 -ethyl-3-(3-dimethyl- 
aminopropyl)carbodiimide hydrochloride; polyepoxy 
crosslinking agents such as ethylene glycol diethyl 
ether; and transglutaminase, with glutaraldehyde being 
preferable. The amount of the crosslinking agent to be 

30 added is adequately determined in accordance with its 
type. In the case of glutaraldehyde, it is preferably 0.4 
mg to 40 mg, and particularly preferably about 4 mg to 
10 mg, per g of collagen before gelatinization (initial 
amount) (in the case of a complex, 25% of which is con- 

35 stituted by collagen, 0.1 mg to 10 mg, and particularly 
about 1 mg to 2.5 mg, per g of the complex). 

3) Freezing 

40 [0036] The cooled complex is allowed to freeze in ac- 
cordance with a conventional technique. The freezing 
speed in a freezer is slowed in order to allow ice crystals 
to grow. These ice crystals become pores in the subse- 
quent step of lyophilization. The pore sizes affect the 

45 strengths of the resulting porous and composite mate- 
rials. Thus, the use of a refrigerator, the temperature of 
which can be subtly controlled, is more preferable from 
the viewpoint of the controllability of the freezing speed. 
1 .4 Lyophilization 

50 [0037] The frozen complex is allowed to lyophilize in 
accordance with a conventional technique. During this 
step of lyophilization, numerous ice crystals, which were 
formed in the complex during the step of freezing, be- 
come pores. Thus, porous and composite materials 

55 having desirable porosities and pore diameters are ob- 
tained. 
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1 .5 Surface crosslinking 

[0038] The mechanical strengths of the resulting po- 
rous and composite materials can be enhanced by in- 
troducing surface crosslinking between collagens. The 
term "surface crosslinking" refers to crosslinking that is 
introduced between collagens that are present on the 
surface of the porous and composite materials. 
[0039] Any method, such as chemical crosslinking us- 
ing a crosslinking agent or condensing agent or physical 
crosslinking using y rays, ultraviolet rays, thermal dehy- 
dration, an electron beam, or the like, may be employed 
for surface crosslinking. Examples of crosslinking 
agents include: aldehyde crosslinking agents such as 
glutaraldehyde or formaldehyde; isocyanate crosslink- 
ing agents such as hexamethylene diisocyanate; carbo- 
diimide crosslinking agents such as 1 -ethy l-3-(3-dimeth- 
ylaminopropyl)carbodiimide hydrochloride; polyepoxy 
crosslinking agents such as ethylene glycol diethyl 
ether; and transglutaminase. The amount of the 
crosslinking agent to be used is adequately determined 
in accordance with its type. It is preferably at least 1 
p.mo1 per g of the complex. 

[0040] Crosslinking as mentioned above may occur 
at any portions of collagens. Particularly preferable 
crosslinking occurs between a carboxyl group and a hy- 
droxy! group, between a carboxyl group and a e-amino 
group, or between e-amino groups. Crosslinking is pref- 
erably introduced in at least 1 %, and more preferably 
at least 5%, of reactive functional groups. This is be- 
cause sufficient mechanical strengths cannot be ex- 
pected if crosslinking is insufficient. Attention should be 
given to the use of a crosslinking agent since the exces- 
sive use of a crosslinking agent disadvantageously em- 
brittles a complex. 

[0041] Among the aforementioned methods for 
crosslinking, chemical crosslinking using a crosslinking 
agent such as glutaraldehyde is particularly preferable 
from the viewpoints of controllability of the level of 
crosslinking and bioadaptability of the resulting com- 
plex. Chemical crosslinking can be performed by im- 
mersing the porous and composite materials obtained 
in the section above in a solution containing a crosslink- 
ing agent. 

[0042] A method for crosslinking using glutaralde- 
hyde is hereafter described as a preferable embodiment 
of the present invention. At the outset, the porous and 
composite materials obtained in the section above are 
immersed in a solution containing 0.001% to 1%, and 
preferably about 0.005% to 0.1%, glutaraldehyde (de- 
gassing and aspiration). Use of 50% to 100% ethanol 
as a solvent is preferable since crosslinking density is 
enhanced. Conditions for immersion are adequately de- 
termined in accordance with the concentration of glutar- 
aldehyde. Preferably, it is generally slowly carried out 
over the course of a period of approximately 60 minutes 
to 5 hours at room temperature or lower temperature in 
order to allow the crosslinking to homogenously occur. 



After the crosslinking, the porous and composite mate- 
rials are washed with pure water to remove excess glu- 
taraldehyde. Further, remaining glutaraldehyde may be 
preferably neutralized with the use of a glycine solution 

5 or the like. The porous and composite materials may be 
further lyophilized after crosslinking. 
[0043] Thus, the porous and composite materials can 
be provided with desirable mechanical strengths by in- 
troducing surface crosslinking therein. The degradation 

10 rate in an organism can be controlled based on the level 
of crosslinking to be introduced. 1 .6 Others 
[0044] In addition, adequate modifications or addi- 
tional steps can be added to the aforementioned steps 
within the scope of the present invention. For example, 

15 addition of polysaccharides such as hyaluronic acid pri- 
or to the crosslinking can increase the points of 
crosslinking and enhance the mechanical strengths. Al- 
ternatively, polysaccharides such as hyaluronic acid can 
be added instead of gelatinized collagen, crosslinking 

20 can be introduced thereto, and the resultant can be al- 
lowed to gelatinize and freeze. Thus, a porous body hav- 
ing large pore diameters and high porosities can be ob- 
tained. 

[0045] A wide variety of treatments can be applied in 
25 order to enhance the strengths of the porous and com- 
posite materials after surface crosslinking. For example, 
the surfaces of the porous and composite materials may 
be coated with hydroxyapatite and collagen by immers- 
ing them in a slurry of a complex of hydroxyapatite and 
30 collagen. The surfaces of the porous and composite ma- 
terials may be coated with hydroxyapatite by immersing 
them in a slurry of hydroxyapatite. Alternatively, hy- 
droxyapatite may be precipitated not only on the surfac- 
es but also on the insides of the porous and composite 
35 materials by alternate immersion in calcium and phos- 
phorus. 

2. The porous and composite materials of the present 
invention 

40 

2.1 Properties of the porous and composite materials 
(porosities; pore diameters, and mechanical strengths) 

[0046] The porous and composite materials obtained 
^5 by the method according to the present invention have 
high porosities, large pore diameters, and adequate me- 
chanical strengths. The porosities of the porous and 
composite materials obtained under preferable condi- 
tions are 80% to 95%, and the pore diameters thereof 
50 are about 50 u.m to 2,000 urn However, the porosities 
or pore diameters of the porous and composite materi- 
als can be adequately changed by altering the amount 
of a buffer, the reaction temperature, and the reaction 
time in the step of gelatinization, the freezing speed in 
55 the step of freezing, or other factors. Accordingly, po- 
rous and composite materials having desirable porosi- 
ties and pore diameters can be obtained by changing 
the aforementioned conditions. Further, conditions for 
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interna! or surface crosslinking can be adequately de- 
termined to obtain porous and composite materials hav- 
ing desirable strengths. 

2.2 Evaluation of properties of porous and composite 
materials 

[0047] The porosities and the pore diameters of the 
porous and composite materials of the present invention 
can be measured and evaluated by, for example, image 
analysis of electron micrographs. Mechanical strengths 
can be evaluated based on, for example, the three-point 
bending strength or the Young's modulus, determined 
based thereon. Alternatively, the strength can be eval- 
uated based on functional analysis of operability when 
it is actually used, such as during transplantation tests. 

2.3 Self-organized porous and composite materials 
containing hydroxyapatite and collagen 

[0048] A preferable example of the porous and com- 
posite material of the present invention is a microporous 
and composite material containing hydroxyapatite and 
collagen in which the c-axis of hydroxyapatite is oriented 
along with collagen fiber. 

[0049] This composite material is produced using a 
self-organized complex containing hydroxyapatite and 
collagen as a starting material. The term "self-organ- 
ized" generally refers to the "formation of a specific or- 
ganization through the aggregation of homologous or 
heterologous atoms, molecules, fine particles, or the like 
by non-covalent binding interaction" (Seikagaku Jiten 
(Dictionary of Biochemistry), Tokyo Kagaku Dozin Co., 
Ltd.). In the present invention, this term particularly re- 
fers to the fact that hydroxyapatite having an apatite 
structure forms an orientation that is specific to biologi- 
cal bones along collagen fibers. That is, a microporous 
structure in which the c-axis of hydroxyapatite is orient- 
ed along collagen fibers is formed. Self-organized com- 
plexes containing hydroxyapatite and collagen can be 
produced in accordance with, for example, the method 
of Kikuchi et al. (Kikuchi, S. et al., J. Biomater., 22 (13) 
(2001), 1705-1711, S. Itoh et al., J. Biomed Mater Res. 
(2001), 445-453). 

[0050] This microporous structure in which the c-axis 
of hydroxyapatite is oriented along collagen fibers is par- 
tially maintained during the production step according 
to the present invention. Accordingly, the resulting po- 
rous and composite materials have microporous struc- 
tures similar to those of biological bones. 

2.4 Others 

[0051] The porous and composite materials of the 
present invention can contain other components within 
the scope of the present invention. Examples of such 
components include inorganic salts such as St, Mg, and 
C0 3 , organic substances such as citric acid and phos- 



pholipids, Bone Morphogenetic Proteins, and agents 
such as an anti-cancer agent. 

3. A method for utilizing porous and composite materials 

5 

3.1 Implants 

[0052] The porous and composite materials obtained 
by the method of the present invention have high poros- 
is jties, and each component thereof is biodegradable. Ac- 
cordingly, they are easily penetrated by cells and they 
are excellent in bone conductivity because they contain 
hydroxyapatite and collagen. Further, adequate me- 
chanical strengths and retentivity in organisms (ade- 
*5 quate rate of biodegradation) can be controlled by 
crosslinking. Accordingly, the porous and composite 
materials of the present invention are suitable for im- 
plants that are used in the field of orthopedics such as 
bone fillers or implants that are used in the field of den- 
20 tistry. 

[0053] The configurations and forms of the aforemen- 
tioned implants are not particularly limited. Implants can 
take any desired configurations and forms in accord- 
ance with their applications. For example, they can be 
25 blocks, pastes, films, particles, or sponges. 

[0054] The porous and composite materials of the 
present invention have low compressive strengths. Up- 
on moisture absorption, they become elastic as spong- 
es, they are less likely to collapse even with the appli- 
30 cation of forces strong enough to deform (crush) them, 
they reabsorb moisture, and they rapidly regain their 
original forms. This feature results in an excellent oper- 
ability at the time of surgical operations. When the po- 
rous and composite materials of the present invention 
35 are used as implants by making use of the aforemen- 
tioned feature, they may be once immersed in an ade- 
quate liquid such as physiological saline before use. 

3.2 Drug carrier for sustained-release (cell carrier, DNA 
40 carrier) 

[0055] The porous and composite materials of the 
present invention have large surface areas of hydroxya- 
patite or the like that are capable of adsorbing a protein, 

45 DNA, or the like and the densities thereof are not too 
high. Thus, penetration and release of an agent or the 
like can easily occur. Accordingly, the porous and com- 
posite materials of the present invention can be used as 
a drug carrier for sustained-release. Drug carriers for 

so sustained-release using the porous and composite ma- 
terials of the present invention have high drug adsorp- 
tivity, and their forms are well preserved. The aforemen- 
tioned drug carriers for sustained-release have higher 
drug-adsorptivity and penetrability by cells compared 

55 with a conventional block of hydroxyapatite and colla- 
gen. The drug carriers for sustained-release using the 
porous and composite materials of the present invention 
can prevent carcinoma recurrence and induce the gen- 
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eration of hard tissue of the organism by, for example, 
impregnating an anti-cancer agent or the like therein to 
use it for reconstructing bones resected due to osteo- 
genic sarcoma or other reasons. 
[0056] The aforementioned carriers can be used as 
carriers not only for drugs but also for cells or DNA. For 
example, when they are used as cell carriers, cells are 
introduced into the carrier under negative pressure by 
suction, and the resultants are applied to a site of inter- 
est. 

3.3 Media for cell culture (scaffold) 

[0057] The porous and composite materials of the 
present invention can be used as media for cell culture 
(scaffold) through the utilization of their high porosities, 
large pore diameters, and flexibilities. For example, 
highly bioactive cytokines are incorporated, the result- 
ant is used as media to conduct tissue culture in an en- 
vironment similar to that of organisms to which force, 
electricity, or the like is applied or in vivo. Thus, tissues 
such as bone marrow or liver tissues can be reconstruct- 
ed. 

[0058] More specifically, the porous and composite 
material obtained by the present invention can be put to 
a wide range of applications. Examples thereof include 
artificial bones, artificial joints, cements for tendons and 
bones, dental implants, percutaneous terminals for 
catheters, drug carriers for sustained-release, cell car- 
riers, DNA carriers, media for cell culture, chambers for 
bone marrow induction, and chambers or base materi- 
als for tissue reconstruction. 

Brief Description of the Drawings 

[0059] 

Fig. 1 shows photographs of the HAp/Col porous 
body prepared in Example 1 (A: a complete photo- 
graph of the porous body; B: an enlarged photo- 
graph). 

Fig. 2 shows photographs of the porous body pre- 
pared when the incubation time in the step of gelat- 
inization is 30 minutes or 90 minutes (A: 30 minutes; 
B: 90 minutes). 

Fig. 3 shows photographs of the porous body pre- 
pared when the amount of PBS added in the step 
of gelatinization is 5 ml or 7 ml (A: 5 ml; B: 7 ml). 
Fig. 4 shows photographs of the porous body pre- 
pared by mixing ungelatinized HAp/Col (A: a com- 
plete photograph of the porous body; B: an enlarged 
photograph). 

Fig. 5 shows photographs of the porous body pre- 
pared when the amount of GA added in the step of 
internal crosslinking is 2 |xl or 5 uJ (A: 2 u,l of 25% 
GA; B: 5 uJ of 25% GA). 

Fig. 6 shows photographs of the porous body pre- 
pared when the freezing, temperature is -20°C or 



-80°C (A: -20°C; B: -80°C). 
Fig. 7 shows images of HE staining one week after 
the transplantation of "an HAp/Col porous body that 
is surface-cross linked with 0.01% GA and internally 

5 crosslinked" to a rat thighbone in Example 3. 

Fig. 8 shows images of HE staining three weeks af- 
ter the transplantation of "an HAp/Col porous body 
that is surface-crossl inked with 0.01% GA and in- 
ternally crosslinked" to a rat thighbone in Example 

w 3. 

Fig. 9 shows images of HE staining two weeks after 
the transplantation of "an HAp/Col porous body that 
is surf ace-crosslinked with 0.01 %GA and internally 
crosslinked" to a rat thighbone in Example 3. 
is Fig. 1 0 shows images of H E staining four weeks af- 
ter the transplantation of "an HAp/Col porous body 
that is surface-crosslinked with 0.01% GA and in- 
ternally crosslinked" to a rat thighbone in Example 
3. 

20 Fig. 1 1 shows images of HE staining six weeks after 
the transplantation of "an HAp/Col porous body that 
is surface-crosslinked with 0.01 % G A and internally 
crosslinked" to a rat thighbone in Example 3. 
Fig. 1 2 shows images of HE staining six weeks after 

25 the transplantation of "an HAp/Col porous body that 
is surface-crosslinked with 0.05% GA" to a rat thigh- 
bone in Example 3. 

Best Modes for Carrying out the Invention 

30 " 

[0060] The present invention is hereafter described in 
more detail with reference to the examples, although the 
technical scope of the present invention is not limited 
thereto. 

35 

[Example 1] Preparation of a hydroxyapatite/collagen 
(HAp/Col) porous body 

1 . Production of HAp/Col composite materials 

40 

(1) Gelatinization of collagen 

[0061 ] In accordance with the method of Kikuchi et al. 
(M. Kikuchi etal., Biomater., 22 (13) (2001), 1705-1711), 
45 500 mg of HAp/Col complex powders (HAp:Col = 3:1, 
lyophilized powders) were prepared. PBS (6 ml) was 
added thereto, followed by mixing. The resultant was in- 
cubated at 45°C for 90 minutes, and a part of the colla- 
gen was allowed to gelatinize. 

50 

(2) internal crosslinking 

[0062] The gelatinized HAp/Col complex was allowed 
to cool. When the complex became runny, a mixture of 
55 2 u.l of 25% glutaraldehyde with 0.5 ml of PBS was add- 
ed thereto, and the resultant was placed in a mold, fol- 
lowed by ice cooling. 
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(3) Freezing 

[0063] The ice-cooled HAp/Col complex was kept in 
the mold, placed in a 450 ml plastic case in that state, 
and then sealed. The resultant was allowed to freeze in 
a freezer at -20°C. 

(4) Lyophilization 

[0064] The frozen HAp/Col complex was lyophilized 
in accordance with a conventional technique. The re- 
sulting porous body is shown in Fig. 1 . 

(5) Surface crosslinking 

[0065] The lyophilized complex was immersed in 50% 
ethanol containing 0.01% glutaraldehyde for 2 hours to 
introduce crosslinking between collagens on the surface 
of the porous body (surface crosslinking). After the re- 
action, the complex was washed with pure water to re- 
move remaining glutaraldehyde. A glycine solution was 
further added thereto to neutralize the remaining glutar- 
aldehyde. Thereafter, the complex was washed with 
pure water and allowed to dry to obtain the HAp/Col po- 
rous body of interest. 

2. Evaluation of the HAp/Col porous body 

[0066] As is apparent from Fig. 1, the resulting HAp/ 
Col porous body contained numerous bubbles having 
relatively large sizes (pore sizes: approximately 50 to 
2,000 y.m). The porosities thereof were deduced to be 
approximately 80% to 95%. The surface-cross linked 
HAp/Col porous body became an elastic sponge upon 
immersion in water. Even though it was deformed with 
the application of external force, it could rapidly regain 
its original form when the force was relieved. 

[Example 2] Examination of conditions for producing the 
HAp/Col porous body 

[0067] Conditions in the production step in Example 
1 were varied, and the pore diameters and the porosities 
of the resulting porous bodies were examined. These 
porous bodies were not subjected to surface crosslink- 
ing. 

1 . Examinations of conditions for gelatinization 
(1) Incubation time 

[0068] The HAp/Col porous body was prepared in the 
same manner as in Example 1 except that the incuba- 
tion time in the step for gelatinization was changed to 
30 minutes. The resultant was compared with the HAP/ 
Col porous body obtained in Example 1 (Fig. 2). 
[0069] As a result, the porous body that was prepared 
with an incubation time of 30 minutes had very small 



pore diameters compared with that prepared with an in- 
cubation time of 90 minutes. 

(2) The amount of PBS 

5 

[0070] The HAp/Col porous body was prepared in the 
same manner as in Example 1 except that the amount 
of PBS added in the step of gelatinization was changed 
to 5 ml or 7 ml. The resultant was compared with the 

10 HAP/Col porous body obtained in Example 1 (Fig. 3). 
[0071] As a result, a porous body having sufficiently 
large pore diameters was obtained with the use of 5 ml, 
6 ml, or 7 ml of PBS, When the amount of PBS was 7 
ml, the pore diameter was slightly larger than that ob- 

15 tained with the use of 5 ml or 6 ml of PBS. The porous 
body was more flexible when it was immersed in water. 

(3) Mixing of ungelatinized HAp/Col 

20 [0072] In the step of gelatinization, PBS was added to 
30% of HAp/Col (500 mg), and the resultant was incu- 
bated at 45°C for 90 minutes. PBS was added to the 
remaining 70% thereof, and the resultant was incubated 
at 40°C for 60 minutes (gelatinization hardly occurred 
25 at 40°C for 60 minutes). Thereafter, these were mixed 
with each other to prepare the HAp/Col porous body in 
the same manner as in Example 1 (Fig. 4). 
[0073] As a result, a porous body having sufficient 
pore diameters was obtained by this method. This po- 
30 rous body had a larger number of continuous pores than 
the porous body obtained in Example 1 . 

(4) Addition of acid 

35 [0074] in the step of gelatinization, 300 mg of gluconic 
acid and 83 mg of calcium carbonate were added to 4 
m! of PBS, and the resultant was incubated at 40°C for 
90 minutes. The porous body was prepared in the same 
manner as in Example I except for the above-stated con- 
40 dition. 

[0075] As a result, gelatinization occurred at 40°C 
when acid was added, and a porous body having larger 
pore diameters was obtained. 

45 2. Examination of conditions for internal crosslinking 

[0076] The HAp/Col porous body was prepared in the 
same manner as in Example 1 except that the amount 
of 25% glutaraldehyde added in the step of internal 
50 crosslinking was changed to 5 uX The resultant was 
compared with the HAP/Col porous body obtained in Ex- 
ample 1 (Fig. 5). 

[0077] As a result, the porous body prepared with the 
addition of 5 jxl of 25% glutaraldehyde and then im- 
55 mersed in water was harder and had a larger number of 
continuous pores compared with the porous body pre- 
pared with the addition of 2 uJ of 25 % glutaraldehyde 
and similarly immersed in water. 
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4. Examination of conditions for freezing 

[0078] The HAp/Col porous body was prepared in the 
same manner as in Example 1 except that the HAp/Col 
complex was allowed to freeze in a freezer at -80°C 
without being placed in a case in the step of freezing. 
The resultant was compared with the HAP/Col porous 
body obtained in Example 1 (Fig. 6). 
[0079] As a result, the porous body prepared by freez- 
ing at -80°C had very small pore diameters compared 
with that prepared by freezing at -20°C. 

[Example 3] Experimentation for transplanting the HAp/ 
Col porous body to a rat thighbone 

1 . Preparation of implants for transplantation 

[0080] In accordance with the method of Kikuchietal., 
500 mg of HAp/Col complex powders (HAp:Col = 3:1) 
were prepared. PBS (4 ml), 300 mg of gluconic acid, 
and 83 mg of calcium carbonate were added thereto, 
and the mixture was incubated at 40°C for 90 minutes 
for gelatinization. The gelatinized complex was allowed 
to freeze in a freezer at -20°C, and further lyophilized to 
obtain the HAp/Col porous body. The resulting porous 
body was immersed in a solution of 0.01 % glutaralde- 
hyde for 2 hours to introduce crosslinking between col- 
lagens on the surface of the complex (surface crosslink- 
ing)- 

[0081 ] Porous bodies were prepared under the above 
conditions. One type thereof was provided with internal 
crosslinking in the same manner as in Example 1 , and 
another type was provided with surface crosslinking in- 
troduced with 0.5 % glutaraldehyde (GA). 
[0082] The prepared porous bodies were cut into 2 x 
2x3 mm portions to prepare implants to be transplanted 
into rat thighbones. 

2. Transplantation into rat thighbones 

[0083] A hole (diameter: approximately 3 mm) was 
provided in the distal part of a Wistar rat thighbone, and 
the prepared implants were transplanted thereinto. The 
implants were taken out 1 , 2, 3, 4, and 6 weeks after the 
transplantation and stained with hematoxylin and eosin 
for observation (Figs. 7 to 12). 

3. Results 

(1) HAp/Col porous body surface-crosslinked with 0.01 
% GA 

[0084] This porous body had lower porosity and a 
smaller number of continuous pores compared with the 
porous body of (2), which was subjected to internal 
crosslinking. Thus, penetrability by cells was less suffi- 
cient. With the elapse of time, however, implants were 
absorbed, and good bone formation was observed. 



[0085] One week after the transplantation, good cell 
penetration in the vicinity or formation of neonatal bones 
was observed in a part thereof (Figs. 7B, 7C). In other 
parts, there were pores which cells did not penetrate 

5 (Fig. 7A). Cell penetration was enhanced 2 weeks after 
the transplantation, and formation of neonatal bones 
that were in contact with the implants was observed. 
Three weeks after the transplantation, cell penetration 
and formation of neonatal bones were further enhanced 

10 in parenchyma (Figs. 8A, 8C), and implants were signif- 
icantly decreased because of absorption as neonatal 
bones were formed (Fig. 8B). 

(2) HAp/Col porous body surface-crosslinked with 0.01 
15 % GA and internally crosslinked 

[0086] The porous body to which internal crosslinking 
had been applied had somewhat larger pore diameters 
and the penetration by cells was better compared with 
20 the porous body of (1). While good cell penetration and 
formation of neonatal bones around the implants were 
observed 2 weeks afterthe transplantation (Fig. 9A), ab- 
sorption of implants by osteoclasts was observed (Fig. 
9B). Four weeks afterthe transplantation, absorption of 
25 implants and neonatal bones was observed (Fig. 1 0A to 
10C). It was observed that absorption of implants and 
neonatal bones was further enhanced 6 weeks afterthe 
transplantation (Fig. 11 A to 11C). 

30 (3) HAp/Col porous body surface-crosslinked with 
0.05% GA 

[0087] This porous body had frequent crosslinking. 
Thus, absorption of implants was poor, and implants still 
35 remained even 6 weeks after the transplantation (Fig. 
12D). 

[0088] All publications, patents, and patent applica- 
tions cited herein are incorporated herein by reference 
in their entirety. 

40 

Industrial Applicability 

[0089] The present invention enables the production 
of biodegradable porous and composite materials which 
45 have large pore diameters, high porosities, and me- 
chanical strengths that are suitable for alternative bone 
implants. The porous and composite materials pro- 
duced by the present invention are very useful as im- 
plants, various carriers such as drug carriers for sus- 
50 tained-release, and supports for cell culture. 



Claims 

1 . A process for producing porous and composite ma- 
terials comprising steps of: 

freezing a complex containing at least one cal- 
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cium salt selected from calcium carbonate, cal- 
cium phosphate, and hydroxyapatite and colla- 
gen, at least a part of which is gelatinized; and 
then lyophilizing the resultant. 

5 

2. A process for producing porous and composite ma- 
terials comprising a step of introducing surface 
crosslinking between collagens to the porous and 
composite materials obtained by the process ac- 
cording to claim 1. 10 

3. The process according to claim 2, wherein the step 
of introducing surface crosslinking is carried out by 
immersing the porous and composite materials in a 
solution containing a crosslinking agent. is 

4. The process according to any one of claims 1 to 3 
comprising a step of adding a crosslinking agent to 
gelatinized collagen to introduce internal crosslink- 
ing between collagens. 20 

5. The process according to any one of claims 1 to 4, 
wherein the calcium salt is hydroxyapatite. 

6. A process for producing porous and composite ma- 25 
terials comprising the following steps of: 

1) gelatinizing at least a part of the collagen 
constituting a complex containing hydroxyapa- 
tite and collagen; 30 

2) introducing internal crosslinking between 
collagens with the addition of a crosslinking 
agent to the complex; 

3) obtaining porous and composite materials by 
freezing the complex and then lyophilizing the 35 
resultant; and 

4) introducing surface crosslinking between 
collagens by immersing the porous and com- 
posite materials in a solution containing a 
crosslinking agent. *o 

7. The process according to any one of claims 2 to 6, 
wherein internal and/or surface crosslinking be- 
tween collagens is introduced using glutaraldehyde 

as a crosslinking agent. 45 

8. The process according to any one of claims 1 to 7, 
wherein the resulting porous and composite mate- 
rials have porosities of 80% or higher. 

50 

9. Porous and composite materials having porosities 
of 80% or higher, which are produced by the method 
according to any one of claims 1 to 8. 

10. Implants of the porous and composite materials ac- 55 
cording to claim 9. 
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1mm 
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k H 

1 mm 



15 



EP 1 500 405 A1 




16 



EP 1 500 405 A1 




17 



EP 1 500 405 A1 



Fig.7 




18 



EP 1 500 405 A1 




19 



EP 1 500 405 A1 



Fig.9 



A 




20 



EP 1 500 405 A1 



Fig. 10 





21 



t 



EP 1 500 405 A1 





23 



EP 1 500 405 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/04355 



A. CLASSIFICATION OF SUBJECT MATTER 
int. CI 7 A61L27/00 



According to iDtanational Patent Qassification (TPQ or lo both national classification and IPC 



B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 



Int. CI 7 A61L27/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 97/14376 Al 
24 April, 1997 
Full text 
& AU 705303 B 
& EP 855884 Al 
& CN 1204245 A 



(Orquest, Inc.}, 
(24.04.97), 



1-10 



& US 5776193 A 
& JP 11-513590 A 
& NZ 321756 A 



| | Further documents arc listed in the continuation of Box C. Q See patent fiamily annex. 



Special categories of cited documents: 
"A" document defining the general state of the an which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international Cling 
dale 

"L" document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another dtab'on or other 
special reason (as specified) 
"CP document referring to an oral disclosure, use, exhibition or other 
means 

V document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the prindpJe or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step wben the document is 
combined with one or more other such documents, such 
combination bang obvious-to a person skilled in the an 
document member of the same patent family 



Date of the actual completion of the international search 
31 July, 2002 (31.07.02) 



Date of mailing of the international search report 
13 August, 2002 (13.08.02) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 
Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1998) 



24 



